We present the new Coherent Exclusive Exponentiation (CEEX), in comparison to the older Exclusive Exponentiation (EEX) and the semi-analytical Inclusive Exponentiation (IEX), for the process e + e − → ff + nγ, f = µ, τ, d, u, s, c, b, with validity for centre of mass energies from τ lepton threshold to 1 TeV. We analyse 2f numerical results at the Z-peak, 189 GeV and 500 GeV. We also present precision calculations of the signal processes e + e − → 4f in which the double resonant W + W − intermediate state occurs using our YFSWW3-1.14 MC. Sample 4f Monte Carlo data are explicitly illustrated in comparison to the literature at LEP2 energies. These comparisons show that a TU for the signal process cross section of 0.4% is valid for the LEP2 200 GeV energy. LC energy results are also shown.
Introduction
At the end of the LEP2 operation, the total cross section for the process e − e + → ff + nγ will have to be calculated with the precision 0.2% -1%, depending on the event selection. In addition, the awarding of the 1999 Nobel Prize to G. 't Hooft and M. Veltman emphasises the importance of the on-going precision studies of the Standard Model processes e + e − → W + W − + n(γ) → 4f + n(γ) at LEP2 energies, as well as the importance of the planned future higher energy studies of such processes in LC physics programs.
In what follows, we present precision predictions for both sets of processes, using our new coherent exponentiation (CEEX) 1 theory (KK MC) for the former set and our older and firmly established exclusive exponentia-
tion (EEX)
2 theory (YFSWW3-1.14 MC 4 ) for the latter set. Both CEEX and and EEX are based on the YFS exclusive exponentiation theory of Yennie, Frautschi and Suura 3 . A detailed description 1,4,2 of our two approaches to the precision exponentiation theory may be found in Refs.
1,4,2 . As we indicate below, we have compared our KK MC calculations with with EEX, its semianalytical partner IEX, and ZFITTER 6.21 5 and we have compared our YFSWW3-1.14 MC calculations with RacoonWW 6 and with the Beenakker et al. 7 semi-analytical approach. The paper proceeds as follows. In Sec. 2 we discuss the implementation of CEEX in our KK MC in relation to EEX. In Sec. 3 we present some of its new results for 2f + n(γ) processes at high energies. In Sec. 4 we present the EEX theory realization in our YFSWW3-1.14 MC. In Sec. 5 we present some of its new results on W W + n(γ) → 4f + m(γ) processes at high energies. Sec. 6 contains our summary remarks.
KK MC
The main differences between CEEX and EEX are best illustrated by focusing on the process of interest, which is
(
The respective EEX total cross section
corresponds to the attendant O(α 1 ) distributions D n as given in Ref.
2 by formulas such as, for n = 0, 1, D 0 =β 0 and
, where the real soft factorsS(k) are defined as usual 2 . The important point is that the IR-finite building blocksβ n , for example, 
the differential distributions for n = 0, 1 photons are, for example,
, with the IR-finite building blocksβ we see that the IFI ∼ = 1.5% for energy cut 0.3, that a |cosθ| < 0.9 cut reduces the IFI by 25%, and that the IFI is very small at the Z return, for example. tion and decay, e
2 ), we may isolate the Leading Pole Approximation (LPA a,b ) as follows:
in an obvious notation
Here, we can identify two different realizations, LPA a,b , of the leading pole residues in Eq. (4) by following the prescriptions of Eden et al. 9 and Stuart 10 : in M = j ℓ j A j ({q k q l }), the complete set of spinor covariants {ℓ j } may (b) or may not (a) be evaluated at the pole positions for the respective Lorentz scalar functions {A j ({q k q l })}, as these latter already realize the analyticity properties of the S-matrix by themselves. We do both.
The standard YFS methods
2
(EEX-Type) give us the corresponding analog of Eq.(2). In realizing the exact O(α) corrections in the latter equation in the LPA, we have chosen, for our renormalization scheme, the G µ -Scheme of Fleischer et al. 11 in version 1.13 and the schemes A and B in version 1.14, where in A only the hard EW correction has α Gµ whereas in B the entire O(α) correction has α(0). The analysis in Ref.
12 tells us that the schemes A and B are improvements over the G µ scheme in version 1. 
